1. The effects of two procedures for dehepatization, total hepatectomy and complete hepatic vascular exclusion, were compared in the rat, and the influence of decreasing the body temperature from 37.5O to 35.5OC on the course of dehepatization was evaluated.
Introduction
Total hepatectomy and hepatic vascular exclusion are the main experimental procedures for dehepatization. The purpose of this investigation Correspondence: Dr Jacques Bernuau, Unite de Recherches de Physiopathologie Hepatique, H6pital Beaujon, 921 18 Clichy, France. was to compare the effects of these procedures on the duration of survival, behaviour and plasma ammonia in the rat. An additional purpose of this study was to evaluate the influence of a 2°C decrease in the body temperature on the course of dehepatization.
Methods
Male rats (Charles River, Saint-Aubin-les-Elbeuf, France), weighing 250-300 g, fed ad libitum with biscuits (biscuits no. 1 13, Usine d'Alimentation Rationelle, Villemoisson-sur-Orge, France), were used. Six groups of 12 rats were studied (Table  1) .
Groups 1A and 1B consisted of rats subjected to total hepatectomy as described previously by Degos ef al. I 11: ligation of the inferior vena cava between the liver and the right suprarenal vein was performed; 21 days later, an end-to-side portacaval shunt was constructed; 1 day later, the liver, including the intrahepatic segment of the inferior vena cava, was removed.
Groups 2A and 2B and groups 3A and 3B consisted of rats subjected to hepatic vascular exclusion by two different three-stage procedures. In the rats of groups 2A and 2B, the inferior vena cava was ligated between the liver and the right suprarenal vein, as in rats of groups 1A and 1B; 21 days later, an end-to-side portacaval shunt was constructed; 1 day later, hepatic vascular exclusion was obtained by ligation of the main hepatic artery, the common bile duct, the left hepatic artery (constantly present in the rat) and all the ligaments connecting the liver to the diaphragm or abdominal viscera. In the rats of groups 3A and 3B, a similar three-stage pro- 5.61 f 1.06 C-P < 0@01 + 8 . 3 0 f 0 . 7 0 cedure was used except for the ligation of the inferior vena cava, which was replaced by a sham operation. In all animals a catheter was inserted into the iliac artery for the taking of blood samples: a glucose solution, supplying 4.4 mmol hk' kg-' body wt, was infused into the jugular vein, in order that arterial plasma glucose was maintained between 3.4 and 8-0pmol/l.
After total hepatectomy or hepatic vascular exclusion, rats were placed unrestrained in a warming chamber in which rectal temperature was automatically maintained at 37.5OC (range: 37.2-37-8"C) in the rats of groups IA, 2A and 3A, and at 35-5OC (range: 35-2-35.8OC) in the rats of groups IB, 2B and 3B. The behaviour of the rats was assessed hourly by the number of rats in a reclining position, i.e. lying on their flank (a position most unusual in the normal rat). Plasma ammonia was measured by a method based on the use of a cation-exchange resin [21 and plasma alanine aminotransferase was measured as described by Reitman 8c Frankel [3],0-5, 2.5 and 5.0 h after total hepatectomy or hepatic vascular exclusion; the normal values are 39 f 2 pmolll and 29 f 9 i.u. respectively.
We performed additional experiments to assess the degree of hepatic vascular exclusion. Colloidal radioactive gold (10 pCi, Commissariat a 1'Energie Atomique, Saclay, France) was injected intravenously 3 h after hepatic vascular exclusion with the procedure as used in group 2A or 2B and in group 3A or 3B. The rats were killed 1 h after the injection of colloidal radioactive gold, the liver was removed and the liver activity was measured.
The results are expressed as means & 1 SD. Student's t-test and the chi-squared test with Yates' correction were used for statistical comparisons.
Results

Duration of survival
The duration of survival exceeded 4 h in all animals and 7 h in the rats at 35.5OC. The mean duration of survival was significantly longer in group 2A than in group 1A or 3A, and in group 2B than in group 1B or 3B (Table 2 ). For each procedure for dehepatization, the mean duration of survival was significantly shorter in animals at 37.5OC than in those at 35.5OC (Table 2) . Mean plasma ammonia is significantly higher in group 2A than in group IA 0.5 h ( P < 0.002). 2.5 h ( P < 0.005) and 5 h ( P < 0.03) after dehepatization.
t Mean plasma ammonia is significantly higher in group 3A than in group IA 0.5 h ( P < 0.002). 2.5 h ( P < 0.001) and 5 h ( P < 0.03) after dehepatization. b Mean plasma ammonia is significantly higher in group 2A than in group 2B 0.5 h ( P < 0.001). 2.5 h ( P < 0.004) and 5 h ( P < 0.01) after dehepatization.
8 Mean plasma ammonia is significantly higher in group 3A than in group 3B 0.5 h ( P < 0~001). 2.5 h ( P < 0.001) and 5 h ( P < 0.004) after dehepatization.
Behaviour
The number of reclining rats increased with the time that elapsed after dehepatization. Among the animals at 37.5OC, the number of reclining rats 4 h after dehepatization was higher in group 1A (8/12) or in group 3A (9/12) than in group 2A (0/12) ( P < 0.01). Among the animals at 35.5OC, none of them was in a reclining position 4 h after dehepatization, whereas the number of reclining rats 7 h after dehepatization was higher in group 1B (12/12) or in group 3B (12/12) than in group 2B (6/ 12) ( P < 0.02).
Plasma ammonia
Among the animals at 37.5"C, and at any time after dehepatization, the mean value for plasma ammonia was significantly higher in rats with hepatic vascular exclusion (groups 2A and 3A) than in those with total hepatectomy (group 1A). Among the animals at 35.5OC. the mean values for plasma ammonia were not significantly different in groups lB, 2B and 3B (Table  3 ). In the animals with hepatic vascular exclusion, and at any time after dehepatization, the mean value for plasma ammonia was significantly higher in rats at 37.5OC (groups 2A and 3A) than in those at 35.5OC (groups 2B and 3B). The mean values for plasma ammonia were not significantly different in groups 1A and 1B (Table 3) . * Mean plasma alanine aminotransferase activity is significantly higher in group 2A than in group 2B 2 . 5 h ( P < 0.03) and 5 h ( P < 0.01) after dehepatization.
t Mean plasma alanine aminotransferase activity is significantly higher in group 3A than in group 3 8 2.5 h ( P < 0.005) and 5 h ( P < 0.02) after dehepatization.
Plasma alanine aminotransferase
The mean values for plasma alanine aminotransferase progressively increased with the time elapsed after hepatic vascular exclusion and were significantly higher in rats at 37.5OC than in those at 35.5"C, 2.5 and 5.0 h after dehepatization (Table 4) .
Hepatic uptake of colloidal radioactive gold after hepatic vascular exclusion
In normal rats the liver uptake of colloidal radioactive gold is over 95% of the dose injected. In 12 rats subjected to the procedure of hepatic vascular exclusion used in groups 2A and 2B and in 12 rats subjected to the procedure of hepatic vascular exclusion used in groups 3A and 3B the mean values for the liver uptake of colloidal radioactive gold were 3.07 & 0.60 and 0.48 0.26% respectively; the difference is statistically significant ( P < 0.01); the latter value is not significantly different from zero.
Discussion
In this study we have compared the effects of total hepatectomy with those of hepatic vascular exclusion associated or unassociated with prior ligation of the inferior vena cava in rats maintained at two different body temperatures. In the rat a segment of the inferior vena cava is included within the liver. The ligation of the inferior vena cava between the right suprarenal vein and the liver before total hepatectomy induces collaterals from the inferior to the superior vena cava and enables the rat to tolerate the removal of the intrahepatic segment of the inferior vena cava technically required with total hepatectomy I 1 1.
We had presumed that the comparison between total hepatectomy and hepatic vascular exclusion would have been correct only if prior ligation of the inferior vena cava, although technically unnecessary, was associated with the latter procedure. However, ligation of the inferior vena cava had an unexpected influence on both the liver uptake of colloidal radioactive gold and the course of subsequent hepatic vascular exclusion. In rats subjected to hepatic vascular exclusion associated with prior ligation of the inferior vena cava the liver uptake of colloidal radioactive gold was low, but not entirely abolished; this finding suggests that a limited blood supply to the liver was maintained, probably as the result of an increased portal venous pressure (the portal vein being shunted to the inferior vena cava caudal to the ligation) and the ensuing development of hepatopetal collateral circulation. In contrast, in rats subjected to hepatic vascular exclusion unassociated with prior ligation of the inferior vena cava, the liver uptake of colloidal radioactive gold was completely abolished: this finding suggests that blood supply to the liver was entirely suppressed. The duration of survival was longer and the deterioration of behaviour slower in rats with, than in rats without, ligation of the inferior vena cava before hepatic vascular exclusion: this observation indicates that the maintenance of a certain blood supply to the liver. even limited, can significantly affect the course of hepatic vascular exclusion. The maintenance of a blood supply to the liver might account for the prolonged duration of survival (exceeding 10 h) which has been reported in rats subjected to this procedure of dehepatization (4 I.
The deterioration of the behaviour and the duration of survival were not different in the rats subjected to total hepatectomy and in those subjected to complete hepatic vascular exclusion (i.e. unassociated with prior ligation of the inferior vena cava) ( Table 2 ). This finding suggests that the substances released by the necrotic liver, the toxicity of which has been supposed to add further to the consequences of dehepatization ( 5 I, have no demonstrable influence on the course of complete dehepatization in the rat.
Body temperature has a marked influence on the course of dehepatization. The duration of survival, which can exceed 18 h in hepatectomized rats at 26OC 11, 61, was found to be close to 6 h at 37.5OC, a value previously reported by Holmin 171 . A slight decrease in body temperature from 37.5"C to 35.5"C was sufficient to induce a 50% increase in the duration of survival in rats with complete dehepatization (Table 2 ). This decrease in body temperature also affects the deterioration of behaviour since, 4 h after complete dehepatization, 70% of the animals at 37.5OC. but none of those at 35-5"C, were in a reclining position. The mechanism of the influence of body temperature is conjectural: it has been assumed that the deleterious effects of dehepatization would be determined by the accumulation of toxic substances normally taken up by the liver; the decrease in body temperature might reduce the production of. or diminish the sensitivity of the tissues (in particular the brain) to the effects of, these substances. Body temperature must be carefully monitored and taken into consideration for the comparison of different procedures of dehepatization and for the evaluation of experimental therapeutic procedures of acute liver failure.
The finding that, in rats with hepatic vascular exclusion, (a) plasma ammonia was higher at 37.5OC than at 35.5"C (Table 3) , and (b) plasma levels of alanine aminotransferase, an enzyme released by necrotic liver, progressively increased'after the hepatic vascular exclusion and were higher at 37.5"C than at 35.5"C ( Table 4) , suggests that, at 37.5OC, hyperammonaemia could be, at least in part, the consequence of release of ammonia from the necrotic liver. Plasma ammonia was not different in rats at 35.5"C after total hepatectomy or complete hepatic vascular exclusion and in rats at 37.5"C after total hepatectomy (Table 3) , although the duration of survival was significantly shorter in the latter than in the former ( Table 2) . Conversely, plasma ammonia was significantly higher in rats at 37.5"C after complete hepatic vascular exclusion than in rats after total hepatectomy (Table 3) , although the duration of survival was not different in both groups (Table 2) . These results indicate that the degree of hyperammonaemia has no, or only slight, influence on the course of dehepatization.
